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X^Jo§-ri»JlliiS3 ) 7k. «7*-^-^715K 
i 0 #iO$£0mm?ffi 1 k 2fcf»& 1 1 k <DlSlT«lg $ 

taurinsRwis 1 ^sil . Sean 1 1 -c-isara*^ 
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[»iMll*tf>«H] 

mmx>7iz* v&mmzmimmnmtmmt com 

mmfAmm<v<$&m&u&&.b}§&mAn&gb com 
izmfeco&%£wvmzti%> «* o izmimm#>7Z%i 

Jit-s; b J#att4if4iwa]gi. 
imxm2 ] mmtfxbmmtfxzBi&tfAb tx 
5m*'rto®mnmb. 

mmmmmizmteztiz mwfcxx ^Mi-r* jugg 

Si:, 

ffimxyTizxvtt&mmimmnmbim&bcom 
x-mmz-t. mmmAnmm'GmmzmeKfotfAb 
f%m~*faiz%LLxmmmm%;%iL. mmsm^x 
ttwmfr^mznmzijmtz>}$ffl£®b. 
mm?Ammfre>miiiztitzmi}$mmz x -pthuiesd 

izmfeco&gMtfm&zti& i a ^Btnew^^T^sii 

[000 1] 

imuomthmw&n zcomiiz. mmmcoisw 
mmzmtz^cox-h*). mz. m&twfttmmzm 
-?z>hcoxhh. 

[0002] 

immcomt] mmmm&mm?tztmzti&imwi& 

5*ftra&77- f fc # y- h b x-mmfrkm* 

7frt>%*). mmtfxbLXTkmtfAtf&i&zix&Atm 
tfxms&b . wmaxt Lxwm*£ts&ttmtez 

xKmtfxb^o. zcommmmiz&^xiz. t;-y 

[0003li:l bX\ WftWtorM^Mtm&fto 

mmw&izitim&^mw&&teim®mmtf±. 



cotztb. tennm<ommftmms&tztimz%LLxi&t: 

co®mnmconi%immzi±. mm*? 10-340734 
^ntzm^tix^h <t 0 iz. tisj&b Lxco&aimz 
mm#>7iz x 0 mmm® b msm ( ? * > t ^ 

ISTCIfaiS i 0 iz Ltz i>cotfh&. zcotimmx 

uu ms^m^f&zm^xm&^ixteft&mtfffl^ 

[0004] mi&mzi>m*ztix^&j;oi,z. m& 
itm®mmeo{*iM&m&i&-iz%:&i a iz<§m-&coi? 

mco<$mi&fta&g.b issimAnigj&bcoi&jmzmj] 
'MZKZzsioiz. tinmnwmmzwwLx^te. 

[0005] 

imwmkLZik'fsa&i LfrL%#t>. zcox 
0 izmmmmco&isimiiinmib <§$i&Ani8j£bco& 
%MZ'Mt£<s-hb^o zbn. tis&mmni&mzTif 

h-Kfittz-thZ. bX'foK). Liztf-oX . tisSlWicoffimm 

hcox\ x^^-^^n, ^mx-h^tz. 
[0006]^^ tut x r> iz. mmnmmniz 
^LT*#£i£§ft-&a>\ zcoM±*K&coR&tfx. 
tth-hxytfxwzxm^b Lx$mx-&£f&i>co 

btthzbttwifi* mttcoi>coi±m£tz£^ximm 
tfx8&<o-mm<m&$><oii}£ Lujmbitwz.* 
\,\ zzx\ >m&mco*ft<m\£b\.^mAfrh^h 

b , flm«jfi<^>nff jU&&<Kt ^3&»«jS*±»f « - i: J& 5 

tz «t 0 ^m^^aiMtiiniajsfc^aiSAnas 

$!Jffl)LTV^c7)T'. *ytfX*cO7l<.fti)mmz%:<0% 
[0007] -^TT\ B9fm^7«fl¥ffR»ffiV^«m 

ss-cma LTfc 0 . ^ cotini&z titzzj&tfxtfimm 
mftxim Lxmrn^mmnrnzim-th zbizx 
0. m&ntt?WMnmco't *>mw&*fa±Zitx^ 
h. zcoxoizmAnmizft^htv^b^om&fr^ 
&b. ffi®mmcoft&i§Mi±m^ijtf&ijfctfxt>co?i<.m 
ttwm£L%<ntL^zbb%&. zco±o%mm* 
wmm^m-him&bw^f^^<m^&& 

M±ZitxmmM<Oftffi§j£t:®W*&<Olt. m#>x 
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[ 0 0 0 8 ] *ZX\ Zcr&Mt* KfetfXkft&MV 

ftffis&ftmzmmjizigM&zmm- s -r t fci o . 
ttfrai&cfe ft h *#v>miiimz&ixtzmmmmv>}$m 

xtftwmn^xfttf&m~iTmzztijzmmv>im 
mmzavz ft&m%.#mzmwmzi&gMi:m&-t& 

ikmft?mM'gmiziitt&ti\i&&cDft±cDm±£m2>z 

[00 09] 

«c, M««itiei8L^^BH{i. «sxr^ (mar. m 
m-&%mfoe>Bmiztuf&7i<m*fx) kwumxx 
w*.&* & &$m<r>mmza »t > 

LxftMzn ommmffl. (mm. imtz&m 
mvy&mizntt&mmnMi ) t. mmxyr mi 
a. &m-&&mM<r>&miz}n?&'7*-?-yt?yy°i 
5) izi o^mam^mmmbimm mm. & 
^hzmM^miziiWhjiSzz.-? 1 1 > tcofflx- 

B?£?)<fciP$ti}Pi&g£: #*Pi8APi&J£i: comzm^ 

T77S10 3, 105, 1 06. feitA SI2<7>J|J6 
nBMlZ&ft&XT- vTS2 0 8, 2 0 9, 2 10, fe 

it/. m4<vmmcr>mmiztnf$>XTyy°s3 0 5 , 3 

0 7, 3 08) fc, £*;l*.rfc*1«Sfc^4«W*«il!i 

[ 0 0 1 0 1 c\<7) x o &mr& ztizz*)^ mmmw 
^mzxhwmxyrnmwx'. wmM^msL\a,n 
w&t <§wmxuim.t comizmfecvi&gMfim&zti 
£cot\ )%iiii&&ni&mti i mMz®mzti2> ztt% 

■£Z>Zttit*imz%g,. ifc. ^fflSttliPagSrlS^ 

toon] »*ja2fc:ie«Lfc»>8«, tm#x m 
in. imtz&mMcoBmiztni&fcmtfx) tmt 
m#x mm. tmtz&mi&crmmt l zMf&&5s i ) 
i&mxxb LxsmzftovmrnM mm. 
&%mm<mmzt$v&jm'm&i ) b. mmmmm 



&mtztiimvtt#A&Mtt&iim8i (mm. 
ry-KjDffiS7) b. mmxyy matt, mfrtz 

&mfa(DBmiZt5tt&'?*-7-*>'Tl 5 ) izx o& 

m&zMimiw&ktitg&s (mm. aaw-isss* 

^&Mtot*H&&& mm. ®5fc?Z>Z9m0& 

miz&v&ftmmni 2) lufa^tt^^ai 
$<ifeiWE»ai«fc: J; -5TBtriEJnffissrjDift-r-g»jpi^ 
a («iif , f^ri.^1 . %2<nmfo<mmz%>\,>rh 
m2m3d, 7d, feckt/. %3<r>%wM-m<ziiWh 

•7*- h 3 e . 7e)J:, HffiE^ttiffi?) 

(mm* m^z&inmtenmmz&wh^vT 

SI 03, 10 5, 1 0 6. feit/. m2iOHSfe«0^® 
tCfe(t^X7 i yrS2 0 8, 2 0 9, 2 1 0.fe±l/. 
^4cr)^S|<7)^^Cfettl»^^-y7-S30 5, 3 07, 

308) zffiizz k *%mk^-&mmmcr>%;& 

[00 12] Zcr>£oizffi&L-t&Zklz£<). BolB^JtW 

^mz£zffim<>?<mwx\ mmmcv&mm&u 
ias k t comzmmvmm:fr*m&%tL 

&<7)x\ )%ii\miiini§Li£tfmMzfflfflzti&zkk% 
$^>tc imwmxxm&tfxbmmwm-- 

[0013]4fc, Jn^S**^aJ?STJP^I§SrJlB»L 

t^s^)t\ mAmmiz&teZixz%.m*fxcr)%jg.fitm 

tO. JPiH«fc:fe»t6»B^K:««-4aniB*HEaiS*t 

L*»t. nmmm^mmxaiM^b^mmxa^ 
mbcvmizvmowgmimfczti. mmwrn-cuR 
&*fx b #^ga*B&|il-:/j zbfrt>. mma 

ffiS-CJPf» - jDSSftfcRJ&yxttflSBTOKfltt&Sfi 

m&Lxmmz%*)%<%*). mmmmztin®L%<% 

^ai^oMaMSrM^-^ i i: 1fX% 
[0014] 19*^3 iZimttimUt. ff^JS 1 £tl 

{±ti*JS2tieK^BH^fe^T. Mtaemm^jiiTj 
izmtxmwmnmmm&z&z-tzzb *w&b-r 
zcoi. o tzmnfrs z k izi o „ «m^**®aj* 

^aiygtiiPiaefc^fflJgAPSJgii^ag 
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[00 15] 

tizmmnmoft&mwizmm ttzmmx-hz. 
[0016] cm ommcoBBi zcDftmz&zm® 
mmoftximwcDm i commco&mzm i fr^rn s com 

. m\mm i iiisffct^^m»¥«Mi»<o^m&-e 
mmm-h^£hm,wm j jtf-nmmm^ i *tj-y 5 2 

fr5 5*mmtmLxffif&,ztiXA? m 
mtfxt Lx*m*rxtfm&i*tiz>*.mtfxim5 e 

mmxxbhxwmic&ts^tf&teztihzm* 
m&5ib. i^mm^^ti^m&jm 5 8 b £ m 

Z.X\^$>. ZLX. ry-H5 2T-M^R^Ci0^fe 

Ltz*mj*>tf. mftnft^wMmm 5 1 zm& lx 

^y-h*5 3^-C'^»LT. ^y-K5 3T'B^i;«m 

^Rj5^s^L-c%mL. %<7m< l z*tf£ss&ti&. 

£ tz , £ ofWfcff ? «J»te J: 0 1 #JJii&£ 

Jii.^J:o(:. Htfia^a?gilS&5 8tr»StiS^fi]?K 

[0 0 17] tiz. ZOjmWMllzti^Xte. 
XilBS 5 6 fc£MjIi&5 7 fc^aMSS 5 8#2VHc¥ 
frl/CIWtMlTV**. ®3(i, Cl;ft.£>iIJ&5 6 > 5 

7, 5 8zm3amz^Ltzmmmx'$>K> . ^n^mms 

6. 57. 5 8lil>mt. -fe^5 S^igecoAP^ 

h, Ltzifi-yx. ^commcommx-a. **#xa8&5 

6 b£5m3&5 7 t^ffl?SfflS&5 8(i-?-^^fcW-,T 

[0018]^, j^»M*«a[flaoash.»c«or» 

gf*-*. ^(iir3yrixv-9-2^J;o-CjDE§fL. 

#y- KJn@S3-cSns$*i.-cfim®fi l o^uig§5 

TW^2fi. ^««6l{C^$nTV^^,ai^tlEt 

tsi^*»(ti i iz&teztih x o tzea&m 
mte&tffmwm 1 commvtmizm tfcE&ttfc * * i 

[0 0 1 9] #y-KJnS3ff3<2. ^-^/3a<7)rt 



0. ±fflfl£7)^lM3c(CXT3>'r^ x-9-2t3j;^«m 
*^<0£§ui]&5 7AP#i£l£§*U TI!Ic7>Jf52S3 

d ttaf^-r* i o izmmwm. 1 nfcjssjs 
*nfu&iii3 b zmz Lx*m.n&<7)m^nfrt>*m 

[0020] — 3u ll^L&^sffifcS^^^Jfcaj 

f*. x-b*^ ^6$riio. r y- h msm 1 xtm^tix 
tmm®. i <7)*m*fxm8&5 6 fcttfcs*.* . i^*^ 
*rxte%.mizmztitzik. jm&nxmtfxiiiimnM 
\irt>*m*~7H7.b Lxmmzti. *m*y#x®w. 

SS8S:jioTXHf^^6(c©5ISit. BufBiaff*^^ y 
? £*T.6*3i?;tfx i: ^oS USV«m«ft 1 fc« 

[0021] jR^«fttfff#5U. ^^.(fSm^Jt^ 
ffi*«l»#*»4>*0, xT3yrP /-9-2*^«*&$ti 
^.^^E^I^fi-^Et tTSMfi^AS& 9 £iY LX 

mm^Kizfo ttzm%.]±j)&mb %&£o izmmm-r 
ffli^iiT . immm 1 <?)*m^xiiifs 5 6 ^ 

[0022] ry-HJn^S7(i:. ^y-HJPiiS3h 

$ffi&sgi7biz£^x±.Tzmizwmztixi5 t ), ±m 

COM 1 m 7 c tUf? ^ 6 il^fc itX^«?fi 1 cr>* 
^'XJlJfS 5 6 AP3& { tf WtZit. TMcom 2S7d 

saws x 0 tznmvM 1 ffi $ tifztt&mtfmm 

(±*^MSiiM3 b Zm&Ltz1$SltG.<nm3MZ i 

ry-Hioa»7{i*jS9e»ai«7 b ^®®Lfc^ajffi 

^Fmmmmco^ *>mm&imm.<wmizm&2ix 
[0023] ttz. mmmm s:^a]-r-i>^^>o^9?g 

(is Wmxy7X'fo&*7*—?-*:>7° (WP) 1 5<iZ 

J:^T#ffSixT7i/'x-^ 1 

*U ^i^x-^l Kzt3V^hgi5C&^t-|.^i:fcJ:9 

1 lHM0^ai$ix^»J:5^oTV^„ -r^t>. ^ 

ms.a. mmmm 1 ^ 15^ =j^~ 
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[0024] fetfttisifft 1 2 iz&^xmmm i 
*-9-#>y°i 5£mfr?i$aim£s&8& (-t^h-h. 
vmmm i eyrmx-h ^xv*-9-x>7i 5<r>±m 
izimt^Mmmi) 1 2 aizmm* ^^13 

(-f&fc^ yi?x.-91 ISO) ti**.W$ifl$ 
giJgrJS14a, 1 4b<,z£->X*V-\ i tm%*3<7)m2 

m.3 d tssRSfi* 1 1 1> fc, ttnimitim 1 4 c , 1 

4d{z£^XT;-Yt\^s7<n&2mi dliZWStZtt 
TV^I>. ZtlizX 0, teSPiSiOTl 2a$:Stl|,^a 
?&0-gSti##]ig&iMi?& 14a. 1 4 c £51-? T # y - 
FJttgfff 3 <OgS 2 g 3 d H X XST J - H JP^S 7 <7)35 2 
M7 d l3gA$*U ft2J»ofc&& 14b, 1 4 d £ ji^> 
T^fflSfcfeSgSU 2atcR4J:3fc:*->TV*4. Srtk 

c con l <oii»fS(;isv^* v - h' JnSS 3 <r>w, 2 

M 3 d b T y - H ti&&& 7 2 S 7 d f£&l»g £ ^ 
[0025]*^, ^Sl^lElSSl 2fcfc^T«imm?flll 

<jsit, ^aj^Apaghv^a ) £&aj-ri>AP;&g-t: 

yf(TI) 16 i)mit>HXi5 *) , JSffliSESS 1 2 £ 

^•s^ai^ag (j^t. ^a]?gtiiPia«tv^ ) 
aj-t-saiPiaK-feyy- (td 1 iimttt>tixv*t. 
m^mm^-y h (iar, EcutBg-r) 20a. zti 

t>i&m-ty?i 6 , 1 i<n\£lrim^zm^\\x*7*-9 

[0 0 26] «m«ffti*»^Koa^*i&«wa[ii. 
?&mmsSE£ft^s?smm^iitPJ§£si8£^LT. ^ 
'nm^-9^T^v-rv«j*r2*wmth^-9m<r> 

*JMlffll 9lZ&Wi2tlX^&. 

[ 0 0 2 7 ] mz. zcomi nmmmmiz&v&im 
mmnttsnmcoftm zmm^z . - <n$m.<mmz*> 
Jt4»aanrcti. «m«?a 1 ^asaaip&Ktfftin 

*tfi\ ^a?RajPiaSi:^ffl?RAPiaSi:^IS|{cHlfSffi 
SIMflf 4 . 04 J±. #ffl*BtAPiag?>±GBiag£ 8 0 

• ctu ^aj?sttipaKt^ai?SAP?ajsi:^e®?a 

Jg|££ 10 degree (J2TF. ^degj tW) t 
LTis 0 . Zixlzfe^XW&WWmZWmth . 

[0028] t~r. Ani&m-ty-vi 6 binni&&.*:> 
-9- 1 7 -cmai ufcj$aweAPiBKT 1 1 ax 

T2S:M^a^ (Xf'yrslOl) . #33]*KAP&K 
T 1 j&UJRiBK (80- C ) i 0 t«^**S*»*W5gf 
-5. (Xf77"Sl 02) . *|£gt&#f r NOj 



AP*&gTl#80 o CJ.XL) T'£>£ * 
50iB*£lfALT (^x-y7°S 10 3). 

eoWSiiMtfif A L . tfifliSAPiSXT 1 ttTtf«*|6F«c 

[ 0 0 2 9 ] X-r-yTS 1 0 2Cj3inn®^ r Y 
ESj (#a]?gAPiSXTl#8 0- C*)H) 
-£44. ^»?gaiPaKT2 i:#iP?$AP*aKT 1 ?)iSJg 
HATSr^JiJU Uf7rS104) . »fiS;hjfcift* 
HAT^ggiagH ( 1 0 d e g ) i 0 <>/jN$t^»S^ 

wsi-s (^fvrs 105). mmmgkrf ^oj 

(ifl^lAT*U OdegJiLh) T'fc^^-fi. «7*- 
^-#^1 5coai^$rJiALT (Xfv/S 1 0 

ftm&cmm&tfmk t . iasn a t(4/Jn$ < ^ s^rifn 
[0030]xxxrsi 0 sizteifzwg&m? r Y 

ESj (?aJKIlAT*<l 0 de gifoH) T*S>l.%^i4. 

jr-HOTTl 5£r,iH^i&mLX (Xf'yTS 1 
06) . *^-^->-^#ffSr-l.^T-ri>. ZixlzX 

ft-?Z>Zblz£<0. ^ai^APiSJ^T 1(48 0' CfelT 

KiDarriidfcr^o, to, iasnATjisga^n 

( 1 Ode g) izWM-f&iol,z%:&. tti. Z<7)£? 

tz&im&&*fmti> b . ?#a]?gAPfflKT 1 ^'±rb 

[ o o 3 1 ] -e lx. zcotis&mw.X'ii. mmmm 1 
t>m& m~> x>m±m- Lt^&m^ y- h jdss 3 <o 

H2^3dtC«i^§ixScOT'. #V-KMgt33tf)SjSl 
13c rtcO^*iinM$^. ^^Offl*tSJg*<T** 

2 M 3 d rtc7)^ailS^-g|5* { 7K^mi: 3roT *^S3i 
H3b£SaiL. JBlS3crt<0SSRC*«-&JllSS:ffi 

[0032] L#»t . 1 cr>i%mmtaaim.r 2 

iiodeg) j; o izim®mzftx& 

0. fi^^?fi 1 iz&vz&mmxnQmbQszxn&w 
tfm~x'*<r>mttfatfm—-K\»[X'fo&cox\ av— y 

JPiit§3T-JlI» • MiSft^^te^mm 1 

ftt<nm&tfmiiLxm.mz*')%<%&. ^<r>mm. 
tmnm 1 ^m^m^mm^m 5 1 sriug- < * 

[00 3 3] Ty-KiDiiS7tCOV^Tt|o|ST-*0. 

«^m?fi 1 36»«.»ajs*ut^3i«*«Ty- HinaK»7^) 

^217dtCtti^$^|,^fc^J;0. Sll7c^ 
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7t« • tB&ztitumtfxMmnmuz&tezti 

[0034] ftim\ui&mT i *«±iRiaK*ia 
— tiSfch.*** ^SSafttffr *«fi* «T\ ^ 

«T*-S*fl*&if:*Sl£S Wot. 
SS 5 6 Jo it^^miiSg 5 7 vvC*BMjWB£ 9 it< 

[00353 ife, #«tjp?agT2 £«#>tfij^L 
f-myy'i sniM&mjiim&Zit&zb 

[ 0 0 3 6 ] &*> . M£«;rfc 1 & *X#.X]U& 5 
6. ££ul&&5 7. ^ai?gjiSI5 80ffigliia3{C^-t 

5 6{±-b/P5 5^7rJigfl<9AP^£Tg|5 
c^aiPtC^oT^LT^t^. Smii5S5 7(i-tr 

[0037] tm2cr>mmcr>&m) mz. zammz& 
mi<r>wmz^wxxw?j\-tz>. m2cr>m&<?>Bmiz*> 

VXF<nm*)X'h2>. tfJfilMS&l 2lZlt, =yV^~9 1 
l^TsSET'feoTAPiaS-k^l 6<7>±gSfc. SESSII 

ti. *?*—9—tfy71 SOT^fcAPiaS-fe^lM 6 
tf)±S6i: 5rML7y'x-^ 1 1 ii ir/ggfi$i]ffll#V 1 

XilSS 2 1 CttSUtfRM* V 2 i>m? htlX^h, 

m<nffimzr> v vc (i^ i <^nsfe^®co t, w t m t t-s> 
sot\ m-im&M l zm-$&zttLxm*MZ'4£^ 

[0038];«S2 ^HM^^©<7)^ai^ST'(i . E 
CU2 0I1 APiaK-feV-tf 1 6taiPfflS-fe>-tM 7 



i: , v i , v 2 <m& *mm*z> .mm. 

<$%mAni8M<7)±mi8J£$: 8 0° CtU #ffl*8AP 

m^mm.* lodegt Ltea&iz&i-r&tissimcv&g. 
®myv-^-h£jjkLx^&. 

[0039] ZVl§r&CDigJg.fflffl%mX'lZ. £?. AP 
i&g-fe 1 6 i: ffiPlSJK-b 1 7 T-^ffi Lfci&BBK 
APiSJgT 1 i:^fil?gaiPiaST2?ri!A2 s ^ (Xx-y 

rs2on. #ai?£APiagT 1 tf±M&g. (so- 
c) £*)i>i&\,^< : gfr£¥\fe?& (xf?/S2 0 
2 ) . W&mtf r N O j ( #2fl?£AP&£T 1 #8 0 

V2cr)fflSS:j^-2-a:T (Xr -y 7S 2 0 3 ) . 

[0040] Xx vrS2 0 2^i3(t-g»¥iJ^** J ry 
ESj (^SJ?gAPiajgT 17^*8 0' C5fe1!) T-^S^ 

^J4. ^ai^ApasT i tfBWfttffi?jamm ( 6 5 

• C) iO^A^V^S^^fJ^-TS (Xf77S2 0 

4 ) . wjasjRtf r n o j ( ^a?gAP?agT i#65 

L. aaWI»#V2<0WK*i|fc*:S-tt-& (Xf7/S2 

05) . dWiatc-rSi:. 7^*x-^i 1 $rfflia-r^> 

im<r>m&t>m7c?hcr>x\ nmmxn^.T 1 

&-%\»ttz®mZtLh ZbbZZ. 

[oo4i]xf7rs204 iz nv&mfe&im* r Y 

ESj (#2fl&APia,£Tl#6 5* CiOSU) T'S> 
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(54) COOLING DEVICE FOR FUEL CELL 



(57)Abstract: 

PROBLEM TO BE SOLVED: To aim at an 
improvement of humidifying property and moisture 
exhausting property of a fuel cell. 
SOLUTION: The cooling device for a fuel cell 
comprises a fuel cell 1 generating electricity by 
using hydrogen and air as reaction gases; a 
humidifiers 3, 7 humidifying the reaction gases to 
be supplied to the fuel cell 1; a cooling liquid 
circuit 12, cooling the fuel cell 1 by making cooling 
liquid circulate between the fuel cell 1 and a 
radiation device 1 1 by a water pump 1 5, and 
radiating the heat of the cooling liquid to outside 
by a radiator 1 1 ; a heating means (3d, 7d), heating 
the humidifiers 3, 7 by the cooling liquid exhausted 
from the fuel cell 1; and a controlling means 
controlling the water pump 15 so as to keep a 
prescribed temperature difference between the 
temperature at the outlet and at the inlet of the 
cooling liquid of the fuel cell 1. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cooling system of a fuel cell characterized by comprising the following. 
A fuel cell which generates electricity by making fuel gas and oxidant gas into reactant gas. 
A cooling method which is made to circulate through cooling fluid between said fuel cell and a 
radiator with a circulating pump, pours cooling fluid to said reactant gas and an abbreviated 
uniform direction within said fuel cell, cools this fuel cell, and radiates heat outside in heat from 
cooling fluid with said radiator, A control means which controls said circulating pump so that a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of said 
fuel cell, and cooling fluid inlet temperature. 

[Claim 2]A cooling system of a fuel cell characterized by comprising the following. 

A fuel cell which generates electricity by making fuel gas and oxidant gas into reactant gas. 

A humidifier which humidifies said reactant gas supplied to said fuel cell. 

A cooling method which is made to circulate through cooling fluid between said fuel cell and a 
radiator with a circulating pump, pours cooling fluid to said reactant gas and an abbreviated 
uniform direction within said fuel cell, cools this fuel cell, and radiates heat outside in heat from 
cooling fluid with said radiator. 

A control means which controls said circulating pump so that a predetermined temperature 
gradient is secured between a heating method which heats said humidifier with said cooling fluid 
discharged from said fuel cell, and cooling liquid outlet temperature of said fuel cell and cooling 
fluid inlet temperature. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the cooling system of a fuel cell. 
In particular, it is related with the cooling system of liquid cooling. 

[0002] 

[Description of the Prior Art]In the fuel cell carried in a fuel cell electric vehicle etc. For 
example, it consists of a stack constituted by carrying out the plural laminates of the cell which 
put the solid polyelectrolyte membrane which consists of a solid polymer ion-exchange 
membrane etc. from both sides with the anode and the cathode, and was formed, Some are 
provided with the hydrogen gas passage to which hydrogen gas is supplied as fuel gas, the air 
duct to which the air which contains oxygen as oxidant gas is supplied, and the coolant path to 
which cooling fluid is supplied. Hereafter, fuel gas and oxidant gas are named generically and it is 
called reactant gas. In this fuel cell, solid polyelectrolyte membrane is passed, even a cathode 
moves, the hydrogen ion generated by catalytic reaction in the anode causes and generates 
oxygen and electrochemical reaction with a cathode, and water is generated in that case. 
[0003]By the way, since there is an operating temperature range in a fuel cell, it is necessary to 
cool, although generation of heat is followed on power generation of a fuel cell so that a fuel cell 
may not carry out temperature up more than upper limit temperature. Therefore, the cooling 
system which pours a refrigerant, takes heat and cools a fuel cell is formed in said coolant path 
of the fuel cell. There is a thing it was made to circulate the cooling fluid as a refrigerant 
between a fuel cell and a radiator (radiator) with a circulating pump in the cooling system of this 
fuel cell as indicated by JP,H10-340734,A. In this cooling system, when the cooling fluid which 
took heat from the fuel cell and was heated flows through a radiator, heat was radiated in the 
open air in the heat of cooling fluid, and cooling fluid is cooled. 

[0004]The circulating load of cooling fluid was controlled so that it was made desirable to cool so 
that the internal temperature of a fuel cell may become uniform, therefore it decreased a 
temperature gradient with the cooling liquid outlet temperature of a fuel cell, and cooling fluid 
inlet temperature as much as possible on a system conventionally, as indicated by said gazette. 
[0005] 

[Problem(s) to be Solved by the Invention] However, lessening a temperature gradient with the 
cooling liquid outlet temperature of a fuel cell, and cooling fluid inlet temperature in this way, 
Since it is carrying out in the direction which lowers cooling liquid outlet temperature, therefore 
the circulating load of cooling fluid will be increased and the power consumption of the 
circulating pump increased, it was disadvantageous on energy management. 
[0006]As mentioned above, although water is generated when generating electricity, this water 
has some which exist by the gaseous phase as a steam in unreacted reactant gas, i.e., off-gas, 
and a fuel cell has some which serve as a fluid, dissociate from off-gas, and exist by the liquid 
phase. Since the moisture which exists in off^gas as a steam is discharged from a fuel cell with 
off-gas, it does not become a problem, but a liquefied thing has a possibility of blocking a part of 
reactant gas way depending on the case, and a desirable gestalt cannot be said. Then, 
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considering the viewpoint of discharge of the moisture of produced water etc., since the 
moisture content which the one where the internal temperature of a fuel cell is higher can get 
the dew point, can make contain many moisture in off-gas by the gaseous phase (steam), and 
can discharge with off-gas can be increased, it is desirable. However, since it was controlling in 
the direction which lessens a temperature gradient with the cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature, and lowers cooling liquid outlet temperature as 
conventionally mentioned above, the moisture in off-gas became the liquid phase easily, and 
there was room of improvement in respect of the eccritic nature of moisture. 
[0007]On the other hand, in the fuel cell using solid polyelectrolyte membrane. In order to secure 
the ion conductivity of solid polyelectrolyte membrane to a predetermined state and to maintain 
a good power generation state, The reactant gas (hydrogen gas and air) supplied to a fuel cell is 
humidified with the humidifier, and when this humidified reactant gas condenses within a fuel cell 
and adheres to solid polyelectrolyte membrane, the ion conductivity of solid polyelectrolyte 
membrane is raised. Thus, considering the viewpoint of the humidification to a fuel cell, it will be 
easy to solidify the steam in reactant gas, and the one where the internal temperature of a fuel 
cell is lower will be preferred. It was very difficult to reconcile the humidification nature to a fuel 
cell, and the eccritic nature of the moisture mentioned above, and to control the internal 
temperature of a fuel cell from such a situation. 

[0008]Then, this invention provides the cooling system of the fuel cell excellent in the eccritic 
nature of the moisture in a fuel cell by securing a temperature gradient positively to the internal 
temperature distribution in the fuel cell of the structure where the flow direction of cooling fluid 
was made reactant gas in the abbreviated uniform direction. This invention by securing a 
temperature gradient positively to the internal temperature distribution in the fuel cell of the 
structure where the flow direction of cooling fluid was made reactant gas in the abbreviated 
uniform direction, The cooling system of the fuel cell which can aim at coexistence of 
improvement in the wastewater nature of the moisture in a fuel cell and improvement in the 
humidification nature to solid polyelectrolyte membrane is provided. 
[0009] 

[Means for Solving the Problem]In order to solve an aforementioned problem, an invention 
indicated to Claim 1, A fuel cell (for example, fuel cell 1 in each embodiment mentioned later) 
which generates electricity by making into reactant gas fuel gas (for example, hydrogen gas in 
each embodiment mentioned later), and oxidant gas (for example, air in each embodiment 
mentioned later), Cooling fluid with a circulating pump (for example, water pump 15 in each 
embodiment mentioned later) Said fuel cell and a radiator. It is made to circulate between (for 
example, the radiators 1 1 in each embodiment mentioned later), A cooling method (for example, 
coolant circuits 12 in each embodiment mentioned later) which pours cooling fluid to said 
reactant gas and an abbreviated uniform direction within said fuel cell, cools this fuel cell, and 
radiates heat outside in heat from cooling fluid with said radiator, A control means which controls 
said circulating pump so that a predetermined temperature gradient is secured between cooling 
liquid outlet temperature of said fuel cell, and cooling fluid inlet temperature, for example, the 
step S1 03,1 05,1 06 in a 1st embodiment mentioned later — and, It is a cooling system of a fuel 
cell provided with Step S208,209,210 in a 2nd embodiment, and Step S305,307,308 in a 4th 
embodiment. 

[0010]By constituting in this way, by control of a circulating pump by said control means. Since a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature, Cooling liquid outlet temperature will be controlled 
by slight height, and further from reactant gas and cooling fluid flowing into an abbreviated 
uniform direction within a fuel cell. Fuel cell outlet temperature of unreacted reactant gas 
(henceforth ofpgas) can be made high, as a result, the dew point of off-gas can be made high, 
and it becomes possible to increase a moisture content which exists by the gaseous phase 
(steam) in off-gas. Since it comes to control cooling liquid outlet temperature more highly, a 
circulating load of cooling fluid can be decreased. 

[0011]An invention indicated to Claim 2 Fuel gas (for example, hydrogen gas in each embodiment 
mentioned later), and oxidant gas. A fuel cell (for example, fuel cell 1 in each embodiment 
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mentioned later) which generates electricity by making (for example, air in each embodiment 
mentioned later) into reactant gas, A humidifier (for example, the cathode humidifier 3 and the 
anode humidifier 7 in each embodiment mentioned later) which humidifies said reactant gas 
supplied to said fuel cell, Cooling fluid with a circulating pump (for example, water pump 1 5 in 
each embodiment mentioned later) Said fuel cell and a radiator. It is made to circulate between 
(for example, the radiators 1 1 in each embodiment mentioned later), A cooling method (for 
example, coolant circuits 12 in each embodiment mentioned later) which pours cooling fluid to 
said reactant gas and an abbreviated uniform direction within said fuel cell, cools this fuel cell, 
and radiates heat outside in heat from cooling fluid with said radiator, A heating method (for 
example, water jackets [ in / the 2nd room / 3d, 7d and a 3rd embodiment ] 3e and 7e in a 1st 
and 2nd embodiment mentioned later) which heats said humidifier with said cooling fluid 
discharged from said fuel cell, A control means which controls said circulating pump so that a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of said 
fuel cell, and cooling fluid inlet temperature, for example, the step S1 03,1 05,1 06 in a 1st 
embodiment mentioned later — and, It is a cooling system of a fuel cell provided with Step 
S208.209.210 in a 2nd embodiment, and Step S305.307.308 in a 4th embodiment. 
[0012]By constituting in this way, by control of a circulating pump by said control means. Since a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature, Cooling liquid outlet temperature will be controlled 
by slight height, and further from reactant gas and cooling fluid flowing into an abbreviated 
uniform direction within a fuel cell. Fuel cell outlet temperature of off-gas can be made high, as a 
result, the dew point of off^-gas can be made high, and it becomes possible to increase a 
moisture content which exists by the gaseous phase (steam) in off^gas. 

[0013]Since a heating method is heating a humidifier with cooling fluid, temperature of reactant 
gas supplied to a fuel cell is risen, and humidification to reactant gas in a humidifier is promoted. 
And a predetermined temperature gradient is secured between cooling liquid outlet temperature 
of a fuel cell, and cooling fluid inlet temperature, Within a fuel cell, since reactant gas and cooling 
fluid flow into an abbreviated uniform direction, it is cooled with cooling fluid immediately after 
supplying a fuel cell, and a steam in reactant gas solidifies reactant gas heated and humidified 
with said humidifier, it becomes liquefied easily, and becomes easy to humidify a fuel cell. Since it 
comes to control cooling liquid outlet temperature more highly, a circulating load of cooling fluid 
can be decreased. 

[0014]An invention indicated to Claim 3 changes a desired value of said temperature gradient in 
the invention according to claim 1 or 2 according to an output of said fuel cell. When a fuel cell is 
low-power output by constituting in this way, Set up small a temperature gradient with cooling 
liquid outlet temperature and cooling fluid inlet temperature, and it becomes possible to make a 
cooling fluid flow which flows through a fuel cell increase, and on the other hand, when a fuel cell 
is high power, It becomes possible to set up greatly a temperature gradient with cooling liquid 
outlet temperature and cooling fluid inlet temperature, and to decrease a cooling fluid flow which 
flows through a fuel cell. 
[0015] 

[Embodiment of the Invention]Hereafter, the embodiment of the cooling system (it may only be 
called a cooling system) of the fuel cell concerning this invention is described with reference to 
the Drawings of drawing 10 f rom drawing 1 . The embodiment described below is the mode applied 
to the cooling system of the fuel cell carried in a fuel cell electric vehicle. 

[0016][A 1st embodiment] A 1st embodiment of the cooling system of the fuel cell concerning 
this invention is described with reference to the Drawings of drawing 5 f rom drawing 1 . Drawing 1 
is an outline lineblock diagram of a cooling system. The fuel cell 1 used as introduction and a 
cooling object is explained. As the fuel cell 1 is a solid polyelectrolyte membrane type fuel cell 
and it is shown in drawing 2 , For example, the solid polyelectrolyte membrane 51 which consists 
of a solid polymer ion-exchange membrane etc. is put from both sides with the anode 52 and the 
cathode 53, The hydrogen gas passage 56 which it becomes from the stack constituted by 
carrying out the plural laminates of the cell 55 which furthermore pinched the outside with the 
separators 54 and 54 of the couple, and was formed and to which hydrogen gas is supplied as 



http://ww4.ipdl.inpit.gojp/^ 2010/06/03 



JP,2003-017105,A [DETAILED DESCRIPTION] 



4/12 <<— v 



fuel gas, It has the air duct 57 to which the air which contains oxygen as oxidant gas is supplied, 
and the coolant path 58 to which cooling fluid is supplied. And the solid polyelectrolyte 
membrane 51 is passed, even the cathode 53 moves, the hydrogen ion generated by catalytic 
reaction in the anode 52 causes and generates oxygen and electrochemical reaction with the 
cathode 53, and water is generated in that case. With the cooling fluid which flows through said 
coolant path 58, heat is taken and it cools so that the fuel cell 1 may not exceed upper limit 
temperature by generation of heat accompanying this power generation. 

[0017]In this fuel cell 1, the hydrogen gas passage 56, the air duct 57, and the coolant path 58 
are mutually parallel, and are provided. Drawing 3 is a perspective view showing these passages 
56, 57, and 58 typically, and these passages 56, 57, and 58 are moved in a zigzag direction and 
established in the same gestalt by each from the entrance of the upper left part of the cell 55 to 
the exit of a lower right part. Therefore, in this embodiment, the hydrogen gas passage 56, the air 
duct 57, and the coolant path 58 cover that overall length, and the flow direction of each fluid is 
made into the uniform direction. 

[0018]Next, a cooling system is explained in accordance with the flow of each fluid. After having 
been pressurized by the air compressor 2, being humidified with the cathode humidifier 3, 
supplying the air duct 57 of the fuel cell 1 and presenting power generation with oxygen in this 
air as an oxidizer, the open air is discharged as air off^gas from the fuel cell 1, and is emitted to 
the atmosphere via the pressure control valve 4. Revolving speed control of the air compressor 
2 is carried out so that the air of the mass according to the output demanded of the fuel cell 1 
may be supplied to the fuel cell 1, and opening control of the pressure control valve 4 is carried 
out so that the air supply pressure to the fuel cell 1 may serve as a pressure value according to 
the operational status of the fuel cell 1. 

[0019]As for the cathode humidifier 3, the inside of the casing 3a is isolated by two upper and 
lower sides with the water-vapor-permeation film 3b, The upper cooling fluid discharged from the 
fuel cell 1 so that the 1st room of air duct 57 entrance of the air compressor 2 and the fuel cell 
1 might be connected to 3c and it might mention later to lower 3d of room [ 2nd ] circulates. The 
water-vapor-permeation film 3b has the function to make only a steam penetrate bordering on 
this water-vapor-permeation film 3b to the one where water vapor pressure is lower from the 
one where water vapor pressure is higher. 

[0020]After the hydrogen gas emitted from the high pressure hydrogen tank which is not 
illustrated on the other hand is decompressed by the fuel supply control valve 5, it passes along 
the ejector 6, is humidified with the anode humidifier 7, and is supplied to the hydrogen gas 
passage 56 of the fuel cell 1. After power generation is presented with this hydrogen gas, 
unreacted hydrogen gas is discharged as hydrogen off-gas from the fuel cell 1, is attracted by 
the ejector 6 through the hydrogen off-gas recovery passage 8, joins the hydrogen gas supplied 
from said high pressure hydrogen tank, and is again supplied to the fuel cell 1. 
[0021 ]The fuel supply control valve 5 consists of a proportional pressure control valve of an air 
type, for example, and is inputted via the pneumatic-signal introducing path 9 by making into 
signal pressure the pressure of the air supplied from the air compressor 2, and pressure 
reduction control is carried out so that the pressure of hydrogen gas of fuel supply control valve 
5 exit may serve as a specified pressure range according to said signal pressure. The hydrogen 
off^gas recovery passage 8 is provided with the purge valve 10, and when a predetermined 
condition is fulfilled, valve-opening control is carried out, and it drains the purge valve 10 to the 
exterior so that the hydrogen gas passage 56 of the fuel cell 1 may not be covered with water. 
[0022]The anode humidifier 7 is making the same structure as the cathode humidifier 3, the 
inside of the casing 7a is isolated by two upper and lower sides with the water-vapor-permeation 
film 7b — the upper 1st — room 7c — the ejector 6 — and — and hydrogen gas passage 56 
entrance of the fuel cell 1 is connected, and the cooling fluid discharged from the fuel cell 1 so 
that it might mention later circulates to lower 7d of room [ 2nd ]. Here, said cathode humidifier 3 
humidifies air with the steam of the cooling fluid which penetrated the water-vapor-permeation 
film 3b, supplies the humidified air to the fuel cell 1, and the anode humidifier 7 humidifies 
hydrogen gas with the steam of the cooling fluid which penetrated the water-vapor-permeation 
film 7b, and it supplies the humidified hydrogen gas to the fuel cell 1. Thereby, the ion 
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conductivity of the solid polyelectrolyte membrane of the fuel cell 1 is secured to a 
predetermined state. 

[0023]The cooling fluid for cooling the fuel cell 1, Pressure up is carried out by the water pump 
(WP) 15 which is a circulating pump, and the radiator (radiator) 1 1 is supplied, Cooling fluid is 
cooled by radiating heat outside in the radiator 11, Then, the fuel cell 1 is supplied, when it 
passes along the coolant path 58 in the fuel cell 1, heat is taken from the fuel cell 1, the fuel cell 
1 is cooled, and via the water pump 1 5, again, the cooling fluid heated by this returns to the 
radiator 11, and is cooled. That is, cooling fluid circulates through the coolant circuits (cooling 
method) 12 which connect the fuel cell 1, the water pump 15, and the radiator 1 1 to a closed 
circuit. 

[0024]The restriction orifice 13 is formed in the cooling fluid mainstream way (namely, cooling 
fluid passage which is the lower stream of the fuel cell 1 and is located upstream of the water 
pump 15) 12a which goes to the water pump 15 from the fuel cell 1 in the coolant circuits 12. On 
the cooling fluid mainstream way 12a, it is the upper stream (namely, fuel cell 1 slippage) and the 
lower stream (.) of the orifice 13. That is, radiator 11 slippage is connected to 7 d of the anode 
humidifier 7 of room [ 2nd ] by the cooling fluid sub passages 14c and 14d, respectively while 
being connected to 3 d of the cathode humidifier 3 of room [ 2nd ] by the cooling fluid sub 
passages 14a and 14b. Thereby, some cooling fluid which flows through the cooling fluid 
mainstream way 1 2a is introduced into 7 d of 2nd room 3d and the anode humidifier 7 of the 
cathode humidifier 3 of room [ 2nd ] through the cooling fluid sub passages 14a and 14c, and it 
returns to the cooling fluid mainstream way 12a through the cooling fluid sub passages 14b and 
14d. In this 1st embodiment, 3 d of the cathode humidifier 3 of room [ 2nd ], and 7 d of the 
anode humidifier 7 of room [ 2nd ] constitutes a heating method. 

[0025]In the coolant circuits 12, to the entrance side of the fuel cell 1. The inlet temperature 
sensor (TI) 16 which detects the temperature (henceforth cooling fluid inlet temperature) of the 
cooling fluid supplied to the fuel cell 1 is formed, In the coolant circuits 12, the outlet 
temperature sensor (TI) 1 7 which detects the temperature (henceforth cooling liquid outlet 
temperature) of the cooling fluid discharged from the fuel cell 1 is formed in the outlet side of 
the fuel cell 1. The electronic control unit (it abbreviates to ECU hereafter) 20 controls the 
output of the water pump 1 5 based on the output signal of these temperature sensors 1 6 and 
17. 

[0026]The power generation current taken out from the fuel cell 1 is connected to the electric 
loads 1 9, such as a motor which drives a drive motor and the air compressor 2, via the power- 
generation-current metering device 1 8 which measures power generation current. 
[0027]Next, an operation of the cooling system of the fuel cell in this 1st embodiment is 
explained. If the cooling liquid outlet temperature of the fuel cell 1 puts in another way so that 
only prescribed temperature may become high rather than cooling fluid inlet temperature, the 
output of the water pump 15 will be controlled by the cooling system in this embodiment so that 
a prescribed temperature difference is secured between cooling liquid outlet temperature and 
cooling fluid inlet temperature. Drawing 4 sets upper limit temperature of cooling fluid inlet 
temperature to 80 degreeC, shows the temperature control flow chart of the cooling fluid at the 
time of setting a target temperature gradient with cooling liquid outlet temperature and cooling 
fluid inlet temperature to 10degree (it abbreviates to "deg" hereafter), and explains temperature 
control processing according to this. 

[0028]First, the cooling fluid inlet temperature T1 and the cooling liquid outlet temperature T2 
which were detected with the inlet temperature sensor 16 and the outlet temperature sensor 17 
are read (Step S101), and it is judged whether the cooling fluid inlet temperature T1 is lower 
than upper limit temperature (80degreeC) (Step S102). When a decision result is "NO" (the 
cooling fluid inlet temperature T1. more than 80 degreeC), the output of the water pump 15 is 
increased (Step S103), and execution of this routine is once ended. By this, the circulating load 
of cooling fluid will increase and the cooling fluid inlet temperature T1 will be controlled in the 
direction to lower. 

[0029]When the decision result in Step S102 is "YES" (the cooling fluid inlet temperature T1. 
less than 80 degreeC), Temperature-gradient deltaT of the cooling liquid outlet temperature T2 
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and the cooling fluid inlet temperature T1 is computed (Step S104), and it is judged whether 
computed temperature-gradient deltaT is smaller than a target temperature gradient (10deg) 
(Step S105). When a decision result is "NO" (deltaTIO or more deg of temperature gradients), 
the output of the water pump 15 is increased (Step S103), and execution of this routine is once 
ended. By this, the circulating load of cooling fluid will increase and temperature-gradient deltaT 
will be controlled in the direction which becomes small. 

[0030]When the decision result in Step S105 is "YES" (less than deltaTIO deg of temperature 
gradients), the output of the water pump 15 is reduced (Step S106), and execution of this 
routine is once ended. By this, the circulating load of cooling fluid will decrease and 
temperature-gradient deltaT will be controlled in the direction which becomes large. By 
performing the above temperature control processing, it comes to converge below on 80 
degreeC, and temperature-gradient deltaT comes to converge the cooling fluid inlet temperature 
T1 on a target temperature gradient (10deg). When coolant temperature is controlled in this way, 
the cooling liquid outlet temperature T2 will be controlled in the range in which the cooling fluid 
inlet temperature T1 does not exceed upper limit temperature by slight height. 
[0031]And since the cooling fluid which took and carried out the rise in heat of the heat from the 
fuel cell 1 is supplied to 3 d of the cathode humidifier 3 of room [ 2nd ], the air in the 1st room 
3c of the cathode humidifier 3 is heated, the relative humidity of this air falls, and the dew point 
of this air can be raised in this cooling system. As a result, some cooling fluid in the 2nd room 3d 
serves as a steam, it penetrates the water-vapor-permeation film 3b, and promotes the 
humidification to the air in the 1 st room 3c. 

[0032]And temperature control is carried out so that a predetermined temperature gradient 
(target temperature-gradient 10deg) may be secured between the cooling liquid outlet 
temperature T2 of the fuel cell 1, and the cooling fluid inlet temperature T1, The cooling fluid 
entrance position and air inlet position in the fuel cell 1 are the same, since the flow direction is 
a uniform direction, it will be cooled with cooling fluid immediately after supplying the fuel cell 1, 
and the steam in this air solidifies the air heated and humidified with the cathode humidifier 3, 
and it becomes liquefied easily. As a result, it becomes easy to humidify the solid polyelectrolyte 
membrane 51 of the fuel cell 1. 

[0033]The same may be said of the anode humidifier 7, and the humidification to the air in the 
1st room 7c is promoted by supplying the cooling fluid discharged from the fuel cell 1 to 7 d of 
the anode humidifier 7 of room [ 2nd ]. And since it is cooled with cooling fluid immediately after 
supplying the fuel cell 1 , the steam in hydrogen gas solidifies the hydrogen gas heated and 
humidified with the anode humidifier 7, it becomes liquefied easily, and becomes easy to humidify 
the solid polyelectrolyte membrane 51. Therefore, the ion conductivity of the solid 
polyelectrolyte membrane 51 comes to be certainly secured to a predetermined state, and the 
humidification nature to the fuel cell 1 improves. 

[0034]Since heat exchange is performed while the cooling liquid outlet temperature T2 is 
controlled in the range in which the cooling fluid inlet temperature T1 does not exceed upper 
limit temperature by slight height and hydrogen gas and air, and cooling fluid flow into a uniform 
direction within the fuel cell 1 further, Temperature in fuel cell 1 exit of hydrogen off-gas and air 
off-gas can be made high. As a result, the dew point of these off-gas can be made high, and the 
moisture content which exists by the gaseous phase (steam) in off-gas can be increased. 
Therefore, the eccritic nature of the moisture in the fuel cell 1 improves, and a water blockade 
becomes difficult to take place in the hydrogen gas passage 56 and the air duct 57. 
[0035]Since the cooling liquid outlet temperature T2 is controlled more highly, the circulating 
load of cooling fluid can be decreased and the power consumption of the water pump 1 5 can be 
decreased. 

[0036]Arrangement of the hydrogen gas passage 56 in the fuel cell 1 , the air duct 57, and the 
coolant path 58 is not restricted to the gestalt shown in drawing 3 . For example, as shown in 
drawing 5 , from the entrance of the upper left part of the cell 55, toward the exit of a lower right 
part, the hydrogen gas passage 56 winds and is provided, From the entrance of the upper right 
portion of the cell 55, the air duct 57 winds, and may be provided toward the exit of a left lower 
quadrant, and the coolant path 58 may be linearly formed toward the lower part from the upper 
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part of the cell 55. In this case, though it moves [ hydrogen gas and air ] in a zigzag direction, 
since it is flowing toward the low rank from the higher rank of the cell 55, it can be said that that 
flow direction is the flow direction and abbreviated uniform direction of cooling fluid through 
which it flows toward the bottom from a top. 

[0037][A 2nd embodiment] Next, a 2nd embodiment of the cooling system of the fuel cell 
concerning this invention is described with reference to the Drawings of drawing 6 and drawing 7 . 
The point that the cooling system in a 2nd embodiment is different from the thing of a 1st 
embodiment is as follows. It is the lower stream of the radiator 1 1 and the flow control valve V1 
is formed in the coolant circuits 12 upstream of the inlet temperature sensor 16. The bypass 
channel 21 which connects the lower stream of the water pump 15 and the upper stream of the 
inlet temperature sensor 1 6, and bypasses the radiator 1 1 and the flow control valve V1 is 
established in the coolant circuits 12, and the flow control valve V2 is formed in the bypass 
channel 21. Since it is the same as the thing of a 1st embodiment about other composition, 
identical codes are given to the same mode portion, and explanation is omitted. 
[0038]ECU20 controls the output of the water pump 15, and the flow control valve V1 and the 
opening of V2 by the cooling system of this 2nd embodiment based on the output signal of the 
inlet temperature sensor 16 and the outlet temperature sensor 17. Drawing 7 sets upper limit 
temperature of cooling fluid inlet temperature to 80 degreeC, target temperature (henceforth 
target cooling fluid inlet temperature) of cooling fluid inlet temperature is set to 65 degreeC, and 
the temperature control flow chart of the cooling fluid at the time of setting a target 
temperature gradient with cooling liquid outlet temperature and cooling fluid inlet temperature to 
10deg is shown. 

[0039]In the temperature control processing in this case, the cooling fluid inlet temperature T1 
and the cooling liquid outlet temperature T2 which were detected with the inlet temperature 
sensor 16 and the outlet temperature sensor 17 are read first (Step S201), and it is judged 
whether the cooling fluid inlet temperature T1 is lower than upper limit temperature (80degreeC) 
(Step S202). When a decision result is "NO" (the cooling fluid inlet temperature T1. more than 
80 degreeC), the output of the water pump 1 5 is increased, the opening of the flow control valve 
V1 is increased, the opening of the flow control valve V2 is decreased (Step S203), and 
execution of this routine is once ended. Since the flow of the cooling fluid which the flow of the 
cooling fluid which circulates through the fuel cell 1 increases, and the flow of the cooling fluid 
which passes the radiator 1 1 increases, and passes through the bypass channel 21 will decrease 
if it does in this way, the cooling fluid inlet temperature T1 will be controlled in the direction 
which falls quickly. 

[0040]When the decision result in Step S202 is "YES" (the cooling fluid inlet temperature T1. 
less than 80 degreeC), it is judged whether the cooling fluid inlet temperature T1 is larger than 
target cooling fluid inlet temperature (65degreeC) (Step S204). When a decision result is 
"NO" (the cooling fluid inlet temperature T1. below 65 degreeC), the opening of the flow control 
valve V1 is decreased, and the opening of the flow control valve V2 is increased (Step S205). 
Since the flow of the cooling fluid which the flow of the cooling fluid which passes the radiator 1 1 
decreases, and passes through the bypass channel 21 will increase if it does in this way, the 
cooling fluid inlet temperature T1 will be controlled in the direction which goes up. 
[0041]When the decision result in Step S204 is "YES" (the cooling fluid inlet temperature T1 is 
higher than 65 degreeC), the opening of the flow control valve V1 is increased, and the opening 
of the flow control valve V2 is decreased (Step S206). Since the flow of the cooling fluid which 
the flow of the cooling fluid which passes the radiator 1 1 increases, and passes through the 
bypass channel 21 will decrease if it does in this way, the cooling fluid inlet temperature T1 will 
be controlled in the falling direction. That is. the cooling fluid inlet temperature T1 will be 
controlled by performing processing of Step S205 or Step S206 that it should converge on target 
cooling fluid inlet temperature (65degreeC). 

[0042]It progresses to Step S207 after Step S205 or Step S206, temperature-gradient deltaT of 
the cooling liquid outlet temperature T2 and the cooling fluid inlet temperature T1 is computed, 
and it is judged whether computed temperature-gradient deltaT is smaller than a target 
temperature gradient (10deg) (Step S208). When a decision result is "NO" (deltaTIO or more deg 
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of temperature gradients), the output of the water pump 1 5 is increased (Step S209), and 
execution of this routine is once ended. By this, the circulating load of cooling fluid will increase 
and temperature-gradient deltaT will be controlled in the direction which becomes small. 
[0043]When the decision result in Step S208 is "YES" (less than deltaTIO deg of temperature 
gradients), the output of the water pump 15 is reduced (Step S210), and execution of this 
routine is once ended. By this, the circulating load of cooling fluid will decrease and 
temperature-gradient deltaT will be controlled in the direction which becomes large. By 
performing the above temperature control processing, it comes to converge on 65 degreeC, and 
temperature-gradient deltaT comes to converge the cooling fluid inlet temperature T1 on a 
target temperature gradient (10deg). Also in the cooling system of this 2nd embodiment, there is 
the same operation as a 1st embodiment, therefore improvement in the humidification nature to 
the fuel cell 1, improvement in moisture eccritic nature in the fuel cell 1, and reduction of the 
power consumption of the water pump 15 can be realized. 

[0044][A 3rd embodiment] Next, a 3rd embodiment of the cooling system of the fuel cell 
concerning this invention is described with reference to the Drawings of drawing 8 . The following 
explanation is stopped only in the point of difference between a 3rd embodiment and a 1st 
embodiment, gives identical codes to the inside of a figure, and the same mode portion about the 
1st thing and identical configuration portion of an embodiment, and omits explanation. According 
to a 3rd embodiment, the cathode humidifier 3 is formed ranging over the air supply course and 
the air off^gas course, and the anode humidifier 7 is formed ranging over the hydrogen gas feed 
route and the hydrogen off^gas course. If it explains in full detail, the cathode humidifier 3 is the 
lower stream of the air compressor 2 in an air supply course, and is formed upstream of the 
pressure control valve 4 in the air off-gas course. The anode humidifier 7 is the lower stream of 
the ejector 6 in a hydrogen gas feed route, and is formed upstream of the purge valve 10 in the 
hydrogen off-gas course. 

[0045]A!though the cathode humidifier 3 is the 1st cathode humidifier 3 and identical 
configuration of an embodiment in the point that the inside of the casing 3a is isolated by two 
upper and lower sides with the water-vapor-permeation film 3b, in a 3rd embodiment, air duct 57 
entrance of the air compressor 2 and the fuel cell 1 is connected to lower 3 d of room [ 2nd ] — 
the upper part — the 1 st room of air duct 57 exit and the pressure control valve 4 of the fuel 
cell 1 are connected to 3c. therefore, the air off^gas which the air supplied from the air 
compressor 2 was supplied to the air duct 57 of the fuel cell 1 through 3 d of the cathode 
humidifier 3 of room [ 2nd ], and was discharged from the fuel cell 1 — the cathode humidifier 3 
— the 1st room will be discharged by the atmosphere from the pressure control valve 4 through 
3c. The cathode humidifier 3 of a 3rd embodiment equips the outside of the casing 3a with the 
outer casing 3f which forms the water jacket 3e. And the cooling fluid sub passages 14a and 14b 
are connected to this water jacket 3e, and circulation of the water jacket 3e of the cooling fluid 
discharged from the fuel cell 1 is attained. 

[0046]Therefore, in the cathode humidifier 3 of this 3rd embodiment, when the cooling fluid which 
took heat from the fuel cell 1 and carried out the rise in heat circulates through the water jacket 
3e, the air off^gas in the air in the 2nd room 3d, and the 1 st room 3c is heated. If the air in the 
2nd room 3d is heated, the relative humidity of this air falls, the dew point of this air can be got, 
and the air in the 2nd room 3d will be in the state of being easy to be humidified. On the other 
hand, if the air ofl^gas in the 1st room 3c is heated, evaporation of the liquefied water contained 
in air off-gas can be promoted, The steam generated by this evaporation and the steam 
contained in air off-gas as the gaseous phase from the first penetrate the water-vapor- 
permeation film 3b, moves into the 2nd room 3d, and humidifies the air in the 2nd room 3d. That 
is, the humidification to the air in the 2nd room 3d can be promoted by circulating through 
cooling fluid with a high temperature to the water jacket 3e. 

[0047]moreover — the anode humidifier 7 as well as the cathode humidifier 3 is constituted, and 
hydrogen gas passage 56 entrance of the ejector 6 and the fuel cell 1 is connected to lower 7 d 
of room [ 2nd ] — the upper part — the 1 st room of hydrogen gas passage 56 exit and the 
hydrogen off-gas recovery passage 8 of the fuel cell 1 are connected to 7c. therefore, the 
hydrogen off-gas which the hydrogen gas supplied from the ejector 6 was supplied to the 
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hydrogen off-gas passage 56 of the fuel cell 1 through 7 d of the anode humidifier 7 of room 
[ 2nd ], and was discharged from the fuel cell 1 — the anode humidifier 7 — the 1st room will be 
discharged by the hydrogen off-gas recovery passage 8 through 7c. And the cooling fluid sub 
passages 14c and 14d are connected to the water jacket 7e provided between the casing 7a and 
the outer casing 7f, and circulation of the water jacket 7e of the cooling fluid discharged from 
the fuel cell 1 is attained. 

[0048]Therefore, in the anode humidifier 7 of this 3rd embodiment, when the cooling fluid which 
took heat from the fuel cell 1 and carried out the rise in heat circulates through the water jacket 
7e, the hydrogen off^gas in hydrogen gas in the 2nd room 7d f and the 1st room 7c is heated. If 
hydrogen gas in the 2nd room 7d is heated, the relative humidity of this hydrogen gas falls, the 
dew point of this hydrogen gas can be got, and hydrogen gas in the 2nd room 7d will be in the 
state of being easy to be humidified. On the other hand, if the hydrogen off-gas in the 1st room 
7c is heated, evaporation of the liquefied water contained in hydrogen off^gas can be promoted, 
The steam generated by this evaporation and the steam contained in hydrogen off-gas as the 
gaseous phase from the first penetrate the water-vapor-permeation film 7b, moves into the 2nd 
room 7d, and humidifies the air in the 2nd room 7d. That is, the humidification to hydrogen gas in 
the 2nd room 7d can be promoted by circulating through cooling fluid with a high temperature to 
the water jacket 7e. In this 3rd embodiment, the water jacket 3e of the cathode humidifier 3 and 
the water jacket 7e of the anode humidifier 7 constitute a heating method. 

[0049]And also in the cooling system of this 3rd embodiment, like the case of a 1st embodiment, 
temperature control is carried out so that a predetermined temperature gradient (for example, 
target temperature-gradient 10deg) may be secured between the cooling liquid outlet 
temperature T2 of the fuel cell 1, and the cooling fluid inlet temperature T1. If it does in this way, 
same operation and the effect as the cooling system of a 1st embodiment can be acquired also 
with the cooling system of a 3rd embodiment. 

[0050]Namely, temperature control is carried out so that a predetermined temperature gradient 
(target temperature-gradient 10deg) may be secured between the cooling liquid outlet 
temperature T2 of the fuel cell 1, and the cooling fluid inlet temperature T1, Since the cooling 
fluid entrance position and reactant gas entrance position in the fuel cell 1 are the same and the 
flow direction is a uniform direction, It will be cooled with cooling fluid immediately after 
supplying the fuel cell 1, and the steam in this reactant gas solidifies the reactant gas heated 
and humidified with the cathode humidifier 3 and the anode humidifier 7, and it becomes liquefied 
easily. As a result, it becomes easy to humidify the solid polyelectrolyte membrane 51 of the fuel 
cell 1. 

[0051]Since heat exchange is performed while the cooling liquid outlet temperature T2 is 
controlled in the range in which the cooling fluid inlet temperature T1 does not exceed upper 
limit temperature by slight height and hydrogen gas and air, and cooling fluid flow into a uniform 
direction within the fuel cell 1 further, Temperature in fuel cell 1 exit of hydrogen off-gas and air 
off-gas can be made high. As a result, the dew point of these off^gas can be made high, and the 
moisture content which exists by the gaseous phase (steam) in off-gas can be increased. 
Therefore, the eccritic nature of the moisture in the fuel cell 1 improves, and a water blockade 
becomes difficult to take place in the hydrogen gas passage 56 and the air duct 57. 
[0052]Since the cooling liquid outlet temperature T2 is controlled more highly, the circulating 
load of cooling fluid can be decreased and the power consumption of the water pump 15 can be 
decreased. 

[0053][A 4th embodiment] Next, a 4th embodiment of the cooling system of the fuel cell 
concerning this invention is described with reference to the Drawings of drawing 9 and drawing 
10 . Although the target temperature gradient (desired value) of temperature-gradient deltaT of 
the cooling liquid outlet temperature T2 and the cooling fluid inlet temperature T1 is made 
regularity (for example, 10deg) in the cooling system of each embodiment mentioned above, The 
target temperature gradient of temperature-gradient deltaT is made variable, and it is made to 
change a target temperature gradient in the cooling system of a 4th embodiment according to 
the output (production of electricity) of the fuel cell 1. 

[0054]The Reason for making introduction and a target temperature gradient variable is 
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explained. The calorific value of the fuel cell 1 differs according to the output (power generation 
current) of the fuel cell 1, their calorific value is small in a low-power output (power generation 
current is small) field, and calorific value is large in a high-output (power generation current is 
large) field. Therefore, there are few flows of the cooling fluid which cools the fuel cell 1, and 
they can be managed with a low-power output field, and many flows of cooling fluid are needed 
in a high-output field. 

[0055]If the flow of cooling fluid decreases in a low-power output field, here with the relation of 
the cell position in dispersion and the fuel cell 1 of the cooling fluid passage structure in the fuel 
cell 1 . Reservation of a uniform cooling state becomes difficult to all the cells, temperature 
dispersion between cells or to a cell position occurs, a high temperature region (heat point) 
produces selectively, and there is a possibility of hurting one's solid polyelectrolyte membrane 
51. Therefore, in the low-power output field of the fuel cell 1, the direction to which set small 
temperature-gradient deltaT of the cooling liquid outlet temperature T2 and the cooling fluid 
inlet temperature T1, and the cooling fluid flow was made to increase becomes difficult to 
produce a heat point, and is preferred for the fuel cell 1. 

[0056]On the other hand, if the flow of cooling fluid increases in a high-output field, even if there 
is dispersion in the cooling fluid passage structure in the fuel cell 1, since an almost uniform 
cooling state is securable in each cell, a heat point will not occur. However, if it is going to 
secure temperature-gradient deltaT of the cooling liquid outlet temperature T2 and the cooling 
fluid inlet temperature T1 to the same temperature-gradient deltaT as the time of low and the 
Tsuyoshi Nakade field of the fuel cell 1, Since a cooling fluid flow becomes large, the output of 
the water pump 15 will become large, and the power consumption of the water pump 15 will 
become large. Here, generation efficiency will fall as a result from the electric power of the water 
pump 15 being provided by power generation of the fuel cell 1. Therefore, in the high-output field 
of the fuel cell 1, the direction which set up greatly temperature-gradient deltaT of the cooling 
liquid outlet temperature T2 and the cooling fluid inlet temperature T1, and decreased the 
cooling fluid flow can decrease the power consumption of the water pump 1 5, and is preferred on 
energy management. So, in the cooling system of this 4th embodiment, the target temperature 
gradient was changed according to the output of the fuel cell 1, and it decided to perform 
temperature control of cooling fluid. 

[0057]Next, the cooling system of a 4th embodiment is explained concretely. In the following 
explanation, the explanation is omitted about the composition of a cooling system as the same 
as what is shown in drawing 1 . Drawing 9 sets upper limit temperature of cooling fluid inlet 
temperature to 80 degreeC, shows the temperature control flow chart of the cooling fluid in the 
case of making a target temperature gradient with cooling liquid outlet temperature and cooling 
fluid inlet temperature into the target temperature gradient deltaTalpha according to the output 
of the fuel cell 1, and explains temperature control processing according to this. 
[0058]First, in order to know the output (production of electricity) of the fuel cell 1, the power 
generation current of the fuel cell 1 detected with the power^generation-current metering 
device 18 is read (Step S301). Next, the target temperature gradient deltaTalpha with the cooling 
liquid outlet temperature T2 and the cooling fluid inlet temperature T1 is computed according to 
the power generation current of the fuel cell 1 (Step S302). The target temperature gradient 
deltaTalpha may be computed with reference to a target temperature-gradient map as shown, 
for example in drawing 10 , or may be computed by calculation based on the expression of 
relations of power generation current and the target temperature gradient deltaTalpha. 
[0059]lf the target temperature-gradient map of drawing 10 is explained, in one or less IA, the 
target temperature gradient deltaTalpha has constant power generation current here at deltaTI, 
Power generation current becomes gradually large [ the target temperature gradient 
deltaTalpha ] from deltaTI to deltaT2 by two or less IA exceeding IA1, Power generation current 
becomes gradually large [ the target temperature gradient deltaTalpha ] from deltaT2 to deltaT3 
by less than three IA exceeding IA2, and power generation current is constant [ the target 
temperature gradient deltaTalpha ] in three or more IA(s) at deltaT3. The increasing rate of the 
target temperature gradient [ in / in power generation current / IA1-IA2 ] deltaTalpha is set up 
more greatly than the increasing rate of the target temperature gradient [ in / in power 
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generation current / IA2-IA3 ] deltaTalpha. 

[0060]Thus, after computing the target temperature gradient deltaTalpha according to the power 
generation current of the fuel cell 1, The cooling fluid inlet temperature T1 and the cooling liquid 
outlet temperature T2 which were detected with the inlet temperature sensor 16 and the outlet 
temperature sensor 17 are read (Step S303), and it is judged whether the cooling fluid inlet 
temperature T1 is lower than upper limit temperature (80degreeC) (Step S304). When a decision 
result is "NO" (the cooling fluid inlet temperature T1. more than 80 degreeC), the output of the 
water pump 15 is increased (Step S305) f and execution of this routine is once ended. By this, 
the circulating load of cooling fluid will increase and the cooling fluid inlet temperature T1 will be 
controlled in the direction to lower. 

[0061]When the decision result in Step S304 is "YES" (the cooling fluid inlet temperature T1. 
less than 80 degreeC), Temperature-gradient deltaT of the cooling liquid outlet temperature T2 
and the cooling fluid inlet temperature T1 is computed (Step S306), and it is judged whether 
computed temperature-gradient deltaT is smaller than the target temperature gradient 
deltaTalpha (Step S307). When a decision result is "NO" (temperature-gradient deltaT beyond 
the target temperature gradient deltaTalpha), the output of the water pump 1 5 is increased (Step 
S305), and execution of this routine is once ended. By this, the circulating load of cooling fluid 
will increase and temperature-gradient deltaT will be controlled in the direction which becomes 
small. 

[0062]When the decision result in Step S307 is "YES" (temperature-gradient deltaT less than 
the target temperature gradient deltaTalpha), the output of the water pump 1 5 is reduced (Step 
S308), and execution of this routine is once ended. By this, the circulating load of cooling fluid 
will decrease and temperature-gradient deltaT will be controlled in the direction which becomes 
large. By performing the above temperature control processing, it comes to converge below on 
80 degreeC, and temperature-gradient deltaT comes to converge the cooling fluid inlet 
temperature T1 on the target temperature gradient deltaTalpha according to the output of the 
fuel cell 1. 

[0063]Therefore, when the output of the fuel cell 1 is low. Temperature-gradient deltaT of the 
cooling liquid outlet temperature T2 and the cooling fluid inlet temperature T1 comes to be 
controlled by the small temperature gradient, as a result, the cooling fluid flow which flows into 
the fuel cell 1 can be boiled comparatively, and can be enlarged now, a heat point can be made 
hard to produce and damage to the fuel cell 1 can be prevented. On the other hand, when the 
output of the fuel cell 1 is high, temperature-gradient deltaT of the cooling liquid outlet 
temperature T2 and the cooling fluid inlet temperature T1 comes to be controlled by the large 
temperature gradient, as a result, the cooling fluid flow which flows into the fuel cell 1 can be 
boiled comparatively, can be made small now, the power consumption of the water pump 15 can 
be decreased, and the generation efficiency of the fuel cell 1 improves. 

[0064]Also in the cooling system of this 4th embodiment, there is the same operation as a 1st 
embodiment, therefore improvement in the humidification nature to the fuel cell 1 , improvement 
in moisture eccritic nature in the fuel cell 1, and reduction of the power consumption of the 
water pump 15 can be realized. The temperature control of the cooling fluid which changes and 
performs a target temperature gradient according to the output of the fuel cell 1 as mentioned 
above is applicable also to the cooling system of composition of being shown in drawing 6 or 
drawing 8 . 
[0065] 

[Effect of the Invention]According to the invention indicated to Claim 1, fuel cell outlet 
temperature of off-gas can be made high so that it may explain above, As a result, since the dew 
point of off-gas can be made high, the moisture content which exists by the gaseous phase 
(steam) in off-gas is increased and this can be discharged from a fuel cell with off-gas, the 
outstanding effect that the eccritic nature of the moisture in a fuel cell improves is done so. 
According to the invention indicated to Claim 1, since it comes to control cooling liquid outlet 
temperature more highly and the circulating load of cooling fluid can be decreased, it is effective 
in the ability to decrease the power consumption of a circulating pump. 

[0066]According to the invention indicated to Claim 2, fuel cell outlet temperature of off-gas can 



http://ww4apdl.mpit.gojp/cgi 2010/06/03 



JP,2003-017105,A [DETAILED DESCRIPTION] 



12/12 ^— v 



be made high, As a result, since the dew point of off^gas can be made high, the moisture content 
which exists by the gaseous phase (steam) in off-gas is increased and this can be discharged 
from a fuel cell with off^gas, the outstanding effect that the eccritic nature of the moisture in a 
fuel cell improves is done so. 

[0067]Since the heating method is heating the humidifier with cooling fluid according to the 
invention indicated to Claim 2, Rise the temperature of the reactant gas supplied to a fuel cell, 
and the humidification to the reactant gas in a humidifier is promoted, And since it is cooled with 
cooling fluid immediately after supplying a fuel cell, and the steam in reactant gas solidifies the 
reactant gas heated and humidified, it becomes liquefied easily and it becomes easy to humidify 
a fuel cell, the outstanding effect that the humidification nature to a fuel cell improves is done 
so. 

[0068]According to the invention indicated to Claim 2, since it comes to control cooling liquid 
outlet temperature more highly and the circulating load of cooling fluid can be decreased, it is 
effective in the ability to decrease the power consumption of a circulating pump. 
[0069]When a fuel cell is low-power output according to the invention indicated to Claim 3, Since 
the cooling fluid flow which sets up small a temperature gradient with cooling liquid outlet 
temperature and cooling fluid inlet temperature, and flows through a fuel cell can be made to 
increase, Can make a heat point hard to produce in a fuel cell, can prevent damage to a fuel cell, 
and on the other hand, when a fuel cell is high power, Since the cooling fluid flow which sets up 
greatly a temperature gradient with cooling liquid outlet temperature and cooling fluid inlet 
temperature, and flows through a fuel cell can be decreased, the power consumption of a 
circulating pump can be decreased and the outstanding effect that the generation efficiency of a 
fuel cell improves is done so. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 



[Field of the Invention]This invention relates to the cooling system of a fuel cell. 
In particular, it is related with the cooling system of liquid cooling. 
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PRIOR ART 



[Description of the Prior Art]In the fuel cell carried in a fuel cell electric vehicle etc. For 
example, it consists of a stack constituted by carrying out the plural laminates of the cell which 
put the solid polyelectrolyte membrane which consists of a solid polymer ion-exchange 
membrane etc. from both sides with the anode and the cathode, and was formed, Some are 
provided with the hydrogen gas passage to which hydrogen gas is supplied as fuel gas, the air 
duct to which the air which contains oxygen as oxidant gas is supplied, and the coolant path to 
which cooling fluid is supplied. Hereafter, fuel gas and oxidant gas are named generically and it is 
called reactant gas. In this fuel cell, solid polyelectrolyte membrane is passed, even a cathode 
moves, the hydrogen ion generated by catalytic reaction in the anode causes and generates 
oxygen and electrochemical reaction with a cathode, and water is generated in that case. 
[0003]By the way, since there is an operating temperature range in a fuel cell, it is necessary to 
cool, although generation of heat is followed on power generation of a fuel cell so that a fuel cell 
may not carry out temperature up more than upper limit temperature. Therefore, the cooling 
system which pours a refrigerant, takes heat and cools a fuel cell is formed in said coolant path 
of the fuel cell. There is a thing it was made to circulate the cooling fluid as a refrigerant 
between a fuel cell and a radiator (radiator) with a circulating pump in the cooling system of this 
fuel cell as indicated by JP,H10-340734,A. In this cooling system, when the cooling fluid which 
took heat from the fuel cell and was heated flows through a radiator, heat was radiated in the 
open air in the heat of cooling fluid, and cooling fluid is cooled. 

[0004]The circulating load of cooling fluid was controlled so that it was made desirable to cool so 
that the internal temperature of a fuel cell may become uniform, therefore it decreased a 
temperature gradient with the cooling liquid outlet temperature of a fuel cell, and cooling fluid 
inlet temperature as much as possible on a system conventionally, as indicated by said gazette. 
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EFFECT OF THE INVENTION 



[Effect of the Invention]According to the invention indicated to Claim 1, fuel cell outlet 
temperature of off-gas can be made high so that it may explain above, As a result, since the dew 
point of off-gas can be made high, the moisture content which exists by the gaseous phase 
(steam) in off-gas is increased and this can be discharged from a fuel cell with off-gas, the 
outstanding effect that the eccritic nature of the moisture in a fuel cell improves is done so. 
According to the invention indicated to Claim 1, since it comes to control cooling liquid outlet 
temperature more highly and the circulating load of cooling fluid can be decreased, it is effective 
in the ability to decrease the power consumption of a circulating pump. 

[0066]According to the invention indicated to Claim 2, fuel cell outlet temperature of off^gas can 
be made high, As a result, since the dew point of off^gas can be made high, the moisture content 
which exists by the gaseous phase (steam) in off-gas is increased and this can be discharged 
from a fuel cell with off-gas, the outstanding effect that the eccritic nature of the moisture in a 
fuel cell improves is done so. 

[0067]Since the heating method is heating the humidifier with cooling fluid according to the 
invention indicated to Claim 2, Rise the temperature of the reactant gas supplied to a fuel cell, 
and the humidification to the reactant gas in a humidifier is promoted, And since it is cooled with 
cooling fluid immediately after supplying a fuel cell, and the steam in reactant gas solidifies the 
reactant gas heated and humidified, it becomes liquefied easily and it becomes easy to humidify 
a fuel cell, the outstanding effect that the humidification nature to a fuel cell improves is done 
so. 

[0068]According to the invention indicated to Claim 2, since it comes to control cooling liquid 
outlet temperature more highly and the circulating load of cooling fluid can be decreased, it is 
effective in the ability to decrease the power consumption of a circulating pump. 
[0069]When a fuel cell is low-power output according to the invention indicated to Claim 3, Since 
the cooling fluid flow which sets up small a temperature gradient with cooling liquid outlet 
temperature and cooling fluid inlet temperature, and flows through a fuel cell can be made to 
increase, Can make a heat point hard to produce in a fuel cell, can prevent damage to a fuel cell, 
and on the other hand, when a fuel cell is high power, Since the cooling fluid flow which sets up 
greatly a temperature gradient with cooling liquid outlet temperature and cooling fluid inlet 
temperature, and flows through a fuel cell can be decreased, the power consumption of a 
circulating pump can be decreased and the outstanding effect that the generation efficiency of a 
fuel cell improves is done so. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]However, lessening a temperature gradient with the 
cooling liquid outlet temperature of a fuel cell, and cooling fluid inlet temperature in this way, 
Since it is carrying out in the direction which lowers cooling liquid outlet temperature, therefore 
the circulating load of cooling fluid will be increased and the power consumption of the 
circulating pump increased, it was disadvantageous on energy management. 
[0006]As mentioned above, although water is generated when generating electricity, this water 
has some which exist by the gaseous phase as a steam in unreacted reactant gas, i.e., off-gas, 
and a fuel cell has some which serve as a fluid, dissociate from off-gas, and exist by the liquid 
phase. Since the moisture which exists in off-gas as a steam is discharged from a fuel cell with 
off-gas, it does not become a problem, but a liquefied thing has a possibility of blocking a part of 
reactant gas way depending on the case, and a desirable gestalt cannot be said. Then, 
considering the viewpoint of discharge of the moisture of produced water etc., since the 
moisture content which the one where the internal temperature of a fuel cell is higher can get 
the dew point, can make contain many moisture in off-gas by the gaseous phase (steam), and 
can discharge with off-gas can be increased, it is desirable. However, since it was controlling in 
the direction which lessens a temperature gradient with the cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature, and lowers cooling liquid outlet temperature as 
conventionally mentioned above, the moisture in off-gas became the liquid phase easily, and 
there was room of improvement in respect of the eccritic nature of moisture. 
[0007]On the other hand, in the fuel cell using solid polyelectrolyte membrane. In order to secure 
the ion conductivity of solid polyelectrolyte membrane to a predetermined state and to maintain 
a good power generation state, The reactant gas (hydrogen gas and air) supplied to a fuel cell is 
humidified with the humidifier, and when this humidified reactant gas condenses within a fuel cell 
and adheres to solid polyelectrolyte membrane, the ion conductivity of solid polyelectrolyte 
membrane is raised. Thus, considering the viewpoint of the humidification to a fuel cell, it will be 
easy to solidify the steam in reactant gas, and the one where the internal temperature of a fuel 
cell is lower will be preferred. It was very difficult to reconcile the humidification nature to a fuel 
cell, and the eccritic nature of the moisture mentioned above, and to control the internal 
temperature of a fuel cell from such a situation. 

[0008]Then, this invention provides the cooling system of the fuel cell excellent in the eccritic 
nature of the moisture in a fuel cell by securing a temperature gradient positively to the internal 
temperature distribution in the fuel cell of the structure where the flow direction of cooling fluid 
was made reactant gas in the abbreviated uniform direction. This invention by securing a 
temperature gradient positively to the internal temperature distribution in the fuel cell of the 
structure where the flow direction of cooling fluid was made reactant gas in the abbreviated 
uniform direction, The cooling system of the fuel cell which can aim at coexistence of 
improvement in the wastewater nature of the moisture in a fuel cell and improvement in the 
humidification nature to solid polyelectrolyte membrane is provided. 
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MEANS 



[Means for Solving the Problem]In order to solve an aforementioned problem, an invention 
indicated to Claim 1, A fuel cell (for example, fuel cell 1 in each embodiment mentioned later) 
which generates electricity by making into reactant gas fuel gas (for example, hydrogen gas in 
each embodiment mentioned later), and oxidant gas (for example, air in each embodiment 
mentioned later), Cooling fluid with a circulating pump (for example, water pump 15 in each 
embodiment mentioned later) Said fuel cell and a radiator. It is made to circulate between (for 
example, the radiators 1 1 in each embodiment mentioned later), A cooling method (for example, 
coolant circuits 12 in each embodiment mentioned later) which pours cooling fluid to said 
reactant gas and an abbreviated uniform direction within said fuel cell, cools this fuel cell, and 
radiates heat outside in heat from cooling fluid with said radiator, A control means which controls 
said circulating pump so that a predetermined temperature gradient is secured between cooling 
liquid outlet temperature of said fuel cell, and cooling fluid inlet temperature, for example, the 
step S1 03,1 05,1 06 in a 1st embodiment mentioned later — and, It is a cooling system of a fuel 
cell provided with Step S208,209,210 in a 2nd embodiment, and Step S305,307,308 in a 4th 
embodiment. 

[0010]By constituting in this way, by control of a circulating pump by said control means. Since a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature. Cooling liquid outlet temperature will be controlled 
by slight height, and further from reactant gas and cooling fluid flowing into an abbreviated 
uniform direction within a fuel cell. Fuel cell outlet temperature of unreacted reactant gas 
(henceforth off^gas) can be made high, as a result, the dew point of off-gas can be made high, 
and it becomes possible to increase a moisture content which exists by the gaseous phase 
(steam) in off-gas. Since it comes to control cooling liquid outlet temperature more highly, a 
circulating load of cooling fluid can be decreased. 

[001 1]An invention indicated to Claim 2 Fuel gas (for example, hydrogen gas in each embodiment 
mentioned later), and oxidant gas. A fuel cell (for example, fuel cell 1 in each embodiment 
mentioned later) which generates electricity by making (for example, air in each embodiment 
mentioned later) into reactant gas, A humidifier (for example, the cathode humidifier 3 and the 
anode humidifier 7 in each embodiment mentioned later) which humidifies said reactant gas 
supplied to said fuel cell, Cooling fluid with a circulating pump (for example, water pump 15 in 
each embodiment mentioned later) Said fuel cell and a radiator. It is made to circulate between 
(for example, the radiators 1 1 in each embodiment mentioned later), A cooling method (for 
example, coolant circuits 12 in each embodiment mentioned later) which pours cooling fluid to 
said reactant gas and an abbreviated uniform direction within said fuel cell, cools this fuel cell, 
and radiates heat outside in heat from cooling fluid with said radiator, A heating method (for 
example, water jackets [ in / the 2nd room / 3d, 7d and a 3rd embodiment ] 3e and 7e in a 1st 
and 2nd embodiment mentioned later) which heats said humidifier with said cooling fluid 
discharged from said fuel cell, A control means which controls said circulating pump so that a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of said 
fuel cell, and cooling fluid inlet temperature, for example, the step S1 03,1 05,1 06 in a 1st 
embodiment mentioned later — and, It is a cooling system of a fuel cell provided with Step 
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S208,209,210 in a 2nd embodiment, and Step S305.307.308 in a 4th embodiment. 
[0012]By constituting in this way. by control of a circulating pump by said control means. Since a 
predetermined temperature gradient is secured between cooling liquid outlet temperature of a 
fuel cell, and cooling fluid inlet temperature, Cooling liquid outlet temperature will be controlled 
by slight height, and further from reactant gas and cooling fluid flowing into an abbreviated 
uniform direction within a fuel cell. Fuel cell outlet temperature of off^gas can be made high, as a 
result, the dew point of off-gas can be made high, and it becomes possible to increase a 
moisture content which exists by the gaseous phase (steam) in off-gas. 

[0013]Since a heating method is heating a humidifier with cooling fluid, temperature of reactant 
gas supplied to a fuel cell is risen, and humidification to reactant gas in a humidifier is promoted. 
And a predetermined temperature gradient is secured between cooling liquid outlet temperature 
of a fuel cell, and cooling fluid inlet temperature, Within a fuel cell, since reactant gas and cooling 
fluid flow into an abbreviated uniform direction, it is cooled with cooling fluid immediately after 
supplying a fuel cell, and a steam in reactant gas solidifies reactant gas heated and humidified 
with said humidifier, it becomes liquefied easily, and becomes easy to humidify a fuel cell. Since it 
comes to control cooling liquid outlet temperature more highly, a circulating load of cooling fluid 
can be decreased. 

[0014]An invention indicated to Claim 3 changes a desired value of said temperature gradient in 
the invention according to claim 1 or 2 according to an output of said fuel cell. When a fuel cell is 
low-power output by constituting in this way, Set up small a temperature gradient with cooling 
liquid outlet temperature and cooling fluid inlet temperature, and it becomes possible to make a 
cooling fluid flow which flows through a fuel cell increase, and on the other hand, when a fuel cell 
is high power, It becomes possible to set up greatly a temperature gradient with cooling liquid 
outlet temperature and cooling fluid inlet temperature, and to decrease a cooling fluid flow which 
flows through a fuel cell. 
[0015] 

[Embodiment of the Invention] Hereafter, the embodiment of the cooling system (it may only be 
called a cooling system) of the fuel cell concerning this invention is described with reference to 
the Drawings of drawing 1 0 f rom drawing 1 . The embodiment described below is the mode applied 
to the cooling system of the fuel cell carried in a fuel cell electric vehicle. 

[0016][A 1st embodiment] A 1st embodiment of the cooling system of the fuel cell concerning 
this invention is described with reference to the Drawings of drawing 5 f rom drawing 1 . Drawing 1 
is an outline lineblock diagram of a cooling system. The fuel cell 1 used as introduction and a 
cooling object is explained. As the fuel cell 1 is a solid polyelectrolyte membrane type fuel cell 
and it is shown in drawing 2 , For example, the solid polyelectrolyte membrane 51 which consists 
of a solid polymer ion-exchange membrane etc. is put from both sides with the anode 52 and the 
cathode 53, The hydrogen gas passage 56 which it becomes from the stack constituted by 
carrying out the plural laminates of the cell 55 which furthermore pinched the outside with the 
separators 54 and 54 of the couple, and was formed and to which hydrogen gas is supplied as 
fuel gas. It has the air duct 57 to which the air which contains oxygen as oxidant gas is supplied, 
and the coolant path 58 to which cooling fluid is supplied. And the solid polyelectrolyte 
membrane 51 is passed, even the cathode 53 moves, the hydrogen ion generated by catalytic 
reaction in the anode 52 causes and generates oxygen and electrochemical reaction with the 
cathode 53, and water is generated in that case. With the cooling fluid which flows through said 
coolant path 58, heat is taken and it cools so that the fuel cell 1 may not exceed upper limit 
temperature by generation of heat accompanying this power generation. 

[0017]In this fuel cell 1, the hydrogen gas passage 56, the air duct 57, and the coolant path 58 
are mutually parallel, and are provided. Drawing 3 is a perspective view showing these passages 
56, 57, and 58 typically, and these passages 56, 57, and 58 are moved in a zigzag direction and 
established in the same gestalt by each from the entrance of the upper left part of the cell 55 to 
the exit of a lower right part. Therefore, in this embodiment, the hydrogen gas passage 56, the air 
duct 57, and the coolant path 58 cover that overall length, and the flow direction of each fluid is 
made into the uniform direction. 

[0018]Next, a cooling system is explained in accordance with the flow of each fluid. After having 
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been pressurized by the air compressor 2, being humidified with the cathode humidifier 3, 
supplying the air duct 57 of the fuel cell 1 and presenting power generation with oxygen in this 
air as an oxidizer, the open air is discharged as air off-gas from the fuel cell 1, and is emitted to 
the atmosphere via the pressure control valve 4. Revolving speed control of the air compressor 
2 is carried out so that the air of the mass according to the output demanded of the fuel cell 1 
may be supplied to the fuel cell 1, and opening control of the pressure control valve 4 is carried 
out so that the air supply pressure to the fuel cell 1 may serve as a pressure value according to 
the operational status of the fuel cell 1. 

[0019]As for the cathode humidifier 3, the inside of the casing 3a is isolated by two upper and 
lower sides with the water^vapor— permeation film 3b, The upper cooling fluid discharged from the 
fuel cell 1 so that the 1st room of air duct 57 entrance of the air compressor 2 and the fuel cell 
1 might be connected to 3c and it might mention later to lower 3d of room [ 2nd ] circulates. The 
water-vapor-permeation film 3b has the function to make only a steam penetrate bordering on 
this water-vapor-permeation film 3b to the one where water vapor pressure is lower from the 
one where water vapor pressure is higher. 

[0020]After the hydrogen gas emitted from the high pressure hydrogen tank which is not 
illustrated on the other hand is decompressed by the fuel supply control valve 5, it passes along 
the ejector 6, is humidified with the anode humidifier 7, and is supplied to the hydrogen gas 
passage 56 of the fuel cell 1. After power generation is presented with this hydrogen gas, 
unreacted hydrogen gas is discharged as hydrogen off-gas from the fuel cell 1 , is attracted by 
the ejector 6 through the hydrogen off-gas recovery passage 8, joins the hydrogen gas supplied 
from said high pressure hydrogen tank, and is again supplied to the fuel cell 1. 
[0021]The fuel supply control valve 5 consists of a proportional pressure control valve of an air 
type, for example, and is inputted via the pneumatic-signal introducing path 9 by making into 
signal pressure the pressure of the air supplied from the air compressor 2, and pressure 
reduction control is carried out so that the pressure of hydrogen gas of fuel supply control valve 
5 exit may serve as a specified pressure range according to said signal pressure. The hydrogen 
off-gas recovery passage 8 is provided with the purge valve 10, and when a predetermined 
condition is fulfilled, valve-opening control is carried out, and it drains the purge valve 10 to the 
exterior so that the hydrogen gas passage 56 of the fuel cell 1 may not be covered with water. 
[0022]The anode humidifier 7 is making the same structure as the cathode humidifier 3, the 
inside of the casing 7a is isolated by two upper and lower sides with the water-vapor-permeation 
film 7b — the upper 1st — room 7c — the ejector 6 — and — and hydrogen gas passage 56 
entrance of the fuel cell 1 is connected, and the cooling fluid discharged from the fuel cell 1 so 
that it might mention later circulates to lower 7d of room [ 2nd ]. Here, said cathode humidifier 3 
humidifies air with the steam of the cooling fluid which penetrated the water-vapor-permeation 
film 3b, supplies the humidified air to the fuel cell 1, and the anode humidifier 7 humidifies 
hydrogen gas with the steam of the cooling fluid which penetrated the water— vapor-permeation 
film 7b, and it supplies the humidified hydrogen gas to the fuel cell 1 . Thereby, the ion 
conductivity of the solid polyelectrolyte membrane of the fuel cell 1 is secured to a 
predetermined state. 

[0023]The cooling fluid for cooling the fuel cell 1, Pressure up is carried out by the water pump 
(WP) 15 which is a circulating pump, and the radiator (radiator) 1 1 is supplied, Cooling fluid is 
cooled by radiating heat outside in the radiator 11, Then, the fuel cell 1 is supplied, when it 
passes along the coolant path 58 in the fuel cell 1, heat is taken from the fuel cell 1, the fuel cell 
1 is cooled, and via the water pump 15, again, the cooling fluid heated by this returns to the 
radiator 11, and is cooled. Namely, coolant circuits where cooling fluid connects the fuel cell 1, 
the water pump 15, and the radiator 1 1 to a closed circuit 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline lineblock diagram of a 1st embodiment in the cooling system of the 
fuel cell concerning this invention. 

[Drawing 2] It is an outline sectional view of the fuel cell in a 1st embodiment. 
[Drawing 3] It is a mimetic diagram of the reactant gas passage of the fuel cell in a 1st 
embodiment, and a coolant path. 

[Drawing 4] It is a temperature control flow chart of the cooling fluid in a 1st embodiment. 
[Drawing 5] It is a mimetic diagram showing other examples of the reactant gas passage of a fuel 
cell, and a coolant path. 

[Drawing 6] It is an outline lineblock diagram of a 2nd embodiment in the cooling system of the 
fuel cell concerning this invention. 

[Drawing 7] It is a temperature control flow chart of the cooling fluid in a 1st embodiment. 
[Drawing 8]It is an outline lineblock diagram of a 3rd embodiment in the cooling system of the 
fuel cell concerning this invention. 

[Drawing 9] It is a coolant temperature control flow chart of a 4th embodiment in the cooling 
system of the fuel cell concerning this invention. 

[Drawing 10]It is an example of the target temperature-gradient map in a 4th embodiment. 
[Description of Notations] 

I Fuel cell 

3 Cathode humidifier 

3d and Id The 2nd room (heating method) 
3e and 7e Water jacket (heating method) 
7 Anode humidifier 

I I Radiator (radiator) 

1 2 Coolant circuits (cooling method) 
15 Water pump (circulating pump) 
58 Coolant path (cooling method) 
Step S 103, 105, 106 Control means 
Step S208,209,210 Control means 
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[Drawing 6] 
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[Drawing 7] 
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